I. INTRODUCTION
fiber optic is a plastic or glass fiber which is fabricated to transmit light along the length of it by confining it as much as possible within the fiber. In 1840s, the principle of light guiding was suggested. In 1950s, the fiber optic technology was significantly developed for medical application. In 1966, the British company Standard Telephones and Cables was primarily predestined that the fiber might be used in practical medium for the application of telecommunication if the attenuation could be minimized to below 20 dB/km [1] . Optical fiber sensors have been fabricated after the development of the practical fiber by corning glass 1970, the first low loss fiber was produced by coring incorporated with losses below20 dB/km. In the beginning of optical fibers era, the optical components such as lasers and photodetectors were only used by telecommunication companies because they are expensive. With the expansion of optical fiber during 1980s the optical devices which were used in optical fiber sensors became less expensive so that optical fiber sensors were used instead of traditional sensors [2] . Electrical power industry has two facts which can cause fall in electronic sensor: existence of high electromagnetic interference and presence of high voltage. Therefore, relying on the place of measurement of the parameter it may be very hard or impossible to use electronic sensor. The best solution to avoid this is via the use of an optical fiber sensor, because the optical fiber is fabricated from dielectric material sand, so it is possible to use them everywhere. Another problem with the using of conventional sensors is that they need electrical energy. Optical fiber sensors don't need electrical energy because they are passive sensors [2] . Optical fiber sensor is designed to collect data by an optical fiber; the measured quantity alters a specific physical property and causes a change in the characteristics of transmitted light along the optical fiber [3] [4] . They are used in various applications such as biological,environmental industries, and chemical, for the measurements of temperature, strain, Refractive index, and liquid level [5] [6] [7] . Optical fiber sensor provides various advantages contrasts the electronic sensor because of their properties such as small size, immune to electromagnetic interference (EMI) and radio frequency interference (RFI), robust to environment, allow to access into inaccessible areas, dynamic range, high sensitivity, non-electrical devices, light weight, allow remote sensing, high resolution [8] [9] [10] . The refractive index (RI) is a quite important parameter in these applications , especially in food industries or chemical in order to control the quality or in bio-sensing for biochemical reactions or controlling molecular bindings [11] . In the past years , several refractive indices sensors likeRayleigh andAbbe refractometers were used for the measurement of refractive index, but they have disadvantages of big size and weight [12] . Nowadays optical fiber refractive index sensors have widely used for these applications [13] . Fiber Bragg Grating is a periodic variation in the index of refraction in optical fiber , it can be accomplished by insinuation the core of fiber to high intensity optical interference pattern [14] .In recent years FBG sensors are widely used in several sensing application such as strain, pressure, temperature, humidity, vibration and refractive index measurements [14] [15] [16] [17] .FBG may be used as a sensor by launching the fiber with a source of light with a wide spectrum, and the reflected wavelength is measured and associated to the measurand [18] .The idea of Fiber bragg sensors is that the environmental variations cause a change in properties of the FBG. The period, the amplitude of the index modulation, and strain are changed which affect the bragg condition [19] . This results in a change in the spectrum of reflected waves. With suitable equipment the spectrum changes may be analyzed and measured to determine the value of strain, temperature, and other parameters [19] . FBGs are very attractive for application of sensing for different reasons [20] [21] [22] :
 The center wavelength λB shifts in a linearly with strain and temperature and other parameters.  The changes in the light intensity are not important. The condition of FBG is a demonstration of the momentum conservation and energy. Energy conservation demands that the incident and the reflected radiation are the same, as defined in the following Equation [23] :
Where and and are the angular frequency of incident and scattered radiation; respectively. Momentum conservation requests that the wave vector of the scattered radiation is equal to the incident wave vector plus the grating wave vectorΚ.
Κ has a direction vertical to the grating plane with a magnitude equal to [23] :
Where Λ is the grating spacing (or pitch).
The reflected and the incident wave vector is opposite in the direction but they have the same magnitude. The magnitude of the incident wave vector and the scattered wave vector are given by the following equations [24] :
Where is the Bragg wavelength, are the refractive indices of the mediumof the incident and the reflected light, respectively [25] [26] . Equation (7) is obtained by substituting (4), (5), and (3) into (2) [24]:
Figure (1) shows the internal structure and the principle work of Fiber Bragg grating [27] . 
II. EXPERIMENTAL METHOD
Sodium Chloride (Nacl) and Sucrose are used as guiding liquids with different concentrations. The concentrations of Sucrose solutions range from 10% to 50% and for Nacl solutions range from 5% to 25% . The refractive index for Nacl and Sucrose solutions at each concentration is measured by using an Abbe refractometer. The Fiber Bragg Grating is cleaved by using optical cleaver (CT-30), and etched by Hydrofluric Acid (HF). After preparation of a Tipped FBG sensor, it is placed in a setup to measure its reflection spectrum. The system consists of laser diode with wavelength of 1550nm, the light source is coupled to FBG using 3-dB single mode fiber coupler (splitting ratio 50:50, operating wavelength 1550nm). The reflected light is measured by using Optical Spectrum Analyzer (Thorlab 203) which record the reflected spectrum pattern. The experimental setup schematic diagram and experimental arrangement of the FBG concentration sensor are shown in Figures (2) and (3), respectively. The end of fiber is immersed in distilled water and different concentrations of Sucrose and Nacl solutions.The concentration of solutions ranges from(10 % to 50 %) for sucrose, and from (5% to 25 %) for Sodium Chloride. The reflected spectrum is measured by using Optical Spectrum Analyzer (OSA); it contains information from the external medium in the interaction zone. Analyzing this spectrum makes it possible to monitor the concentration variation of the analyte.
III. RESULTS AND DISCUSSION
Figures (4) and (5) show the relationship between refractive index and concentration of Nacl and Sucrose solutions, respectively. From the Figures the refractive index is directly proportional to the concentration, as the concentration of guiding liquid increases refractive index increases. The FBG tip is immersed in various concentrations of Nacl solutions range from 5% to 25%, and Sucrose solutions range from 10% to 50%. Figures (6) and (7) show the reflection pattern of different concentration of Sucrose and Nacl solutions, respectively. As the concentration of the solution increases, the effective index increases and according to Equation (7), the Bragg wavelength increases nonlinearly toward a red shift wavelength.The sensitivity of this sensor for sucrose solutions is 3.085 × 10 −6 µm/(% w/v) and for Nacl solutions is 8.3 × 10 −8 µm/(%w/v) as shown in Figures (8) and (9), respectively. sensitivity of this sensor for sucrose solutions in the range of 10% to 50% is 3.085 × 10 −6 µm/(% w/v) and for Nacl solutions in the range of 5% to 25% is 8.3 × 10 −8 µm/(%w/v). This sensor can be used for measuring concentration in various applications such as medical, food industry, pharmaceutical, environmental controlling systems, and monitoring the quality of drinking water.
